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for 

Bureau of Aeronautics, Kavy Depaj'tnient 

■^:ii:d-tuni]el tests of r//o HAiaLTc^i; staidaIiD propellers 

UlffiODYING CLA:^v Y liW) iJACA I6-.SERIES BUST, S^'^CTIOivS 

By W. H, GIL/iY 
SUM/ARY 

Tests of tv/o 10-foot Hrrailton Standard propellers v/ere made in 
the propeller-research tunnel for. the Bureau of Aeronautics, Navjr 
Department, to deterriine the relative r.ierits of the Clark Y and IIACA 
16-sories sections ajid to detennine the negative thrust available at 
negative anrles. The propellers v;ere identical as to dianeter, 
activity factor, thickness ratio and pitch distribution^ Tests 
covered a ran[;e of blade angles from -25*^' to 65'^, and -v^ere all rmds 
at tip speeds belov/ 280 feet Der second. 

The results indicated conparatively little difference between 
propellers at peak efficiency for the low L^ach numbers exoerienced 
in the tunnel tests. The NACA l6-series sections displayed earlier 
stallinn: characteristics than the Clar.: Y section. 

INTRODUCTION ' 

At the request of the Bureau o-^* Aeronautics, Navy Department, 
the tests reported herein v/ere undertaken at the 20-foot propeller- 
research tunnel, prmarily to compare the NACA I6- series blade 
section ivith the Clark Y section. The Bureau of Aeronautics vms 
also interested in obtaining data in the negative thrust range ' 
applicable to computations of naneuvers of flying boats on water. 



This report gives the thrrist and torque characteristics of the 
propellers through a ran[:e of blade argle setting.^ from 65^' to -25^^ 
at 0,75 radius, and, for the negative angles, through the conplete 
v/nD rajige from V = 0 to nearly n = 0, 

These tionnel tests have been confined to lo^/ tip speeds, A 
separate report covers conpressibility measurements made on the 
static v;hirl rig at high tip speeds. 

APPAMTUS AT-ID lETriGDS 

Propellers , - Both propellers were approximately an inch greater 
in diameter than ten feet and have the blade-form, characteristics 
shown in figure 1 and the nlan-fom of figure J). 

Propeller 6259A-'13 has an NACA l6-series blade section through- 
out (figure 2), basea on data from i'eference 1. Blade sections 
from the 3^ inch radius to the tip were laid out to a larger v.ddth 
and then cut off at the trailing edge v/ith a radius of .OI5 incho 

Propeller 6267A-13 has a true Clark Y section throughout. 

Both propellers were tested in conjunction with a 28-inch 
diameter soinner on the strear^iline nacelle shown in. figure 5. 

Driving mechanis m.- The propellers were driven by two 25- 
horsepower electx'ic motors arranged in tandem. (See figure 6.) 
The set-up v/as originally designed for tests of proocilers in dual 
rotation and for that reason the front motor was directly connected 
to the front pro oeller, v/hile the rear motor drove the rear propeller 
through chains and a countershaft. For these tests the oropeiler 
shafts were locked bogether. 
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Measurements . The net thrust or drar-; of the orp peller-body 
combination was measured on a thrust balance located on the floor of 
the test chamber • 

o 

The torque of each motor was measured v;ith a sorinr;-3elsvn 



dynamometer. The motors rested on bearin^^s concentric vv^-th the 
shaft axis, and were restrained from rotating by sprin^^s attached to 
the fixed frame. The amount of deflection of the motor frames v/as 
m.easured by Selsyn generator units and trar.smitted to indicating 
units on the floor. 

Ivleasurement of rotational speed v/as r.iade with a condenser 
tachometer developed by the iy.'ACA. Frequent checks on tht.. accuracy 
of the instrument were made by means of a tunin^':;; fork and oscillograph. 

The tionnel speed ranged from 0 to about 110 miles per hour, and 
the maxiraum propeller speed was not over ^20 rpn, or about 287 feet 
per second rotational tip speed. 

RESULTS A!]D DISCUSSION 

The m.easured values have been reduced to the usual coefficients . 
of thrust, power, and propulsive efficiency, 

effective thrust 

— — 



^ engine power 
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"•"l ~ Cp iiD 



for presenting the results of tests at positive angles. The effec- 
tive thrust is the measured thrust of the propeller-body cor.bination 
plus the drag of the body alone. "D" is the propeller diar.ietor ix\ 
feet, and "n" is the propeller rotational soeed in revolutions per 
second. 

In the negative thrust range at values of v/nD less than 
unity, the crsef f icients used liave been Cp and Cq v/here 

Cq « 

pn'^D-^ 

and above v/nD of unity, and have been used plotted 

against nD/V, rhere 

effective thrust 
^ 



and 



For the torque coefficients Cn and Q^, the aerodynejriic torque, Ci, 
is considered positive when the air reaction upon the propeller tends 
to resist rotation. 

One form of bhe coefficients may be changed to the other by 
multiplying or dividir^^by (v/nD)^. 

LIST OF FXGU'ffiS 

The results are given in the follov/in.r-, figures: 
7 to 11 Characteristic curves for 6^59A-ie (IJACA 16 throughout) 
12 to l6 Characteristic curves for 6267A-I8 (Clark Y throughout) 
Xy NACA 16 and Clark Y propeller characteristic comparisons 



18 



Efficiency envelope comparisons 
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Efficiency conparisous for coiiptarit Cp = 0.2 
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Efficiency co:npari5ons for., conetant Ctd = O.U 
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Thrust ratio co:nDr.ri.'3ons 



The characteristic curves (see fis» i?) have been adjusted to 
the e4uivalent an^;le of the Clark Y blades, for three representative 
angles. This is necessitated by the differe:ice in the effective 
blade anr^les based on the assumed chord lines. The fi[:ure is a 
comparison betv/een the ITACA 16 and Clark Y propellers, and indicates 
a higher thrust, pov/er, and consequently efficiency, in the range of 
take-'Off (Oo ( v/nD)..-^^^^ effJ ^"^^^ "^^^'^ Clark Y. The sane figure 
shows well the delayed stalling characteristic of the Clark Y as 
compared with the early stall of the IJACA l6. 

Comparison of efficiency envelope curves (see figure 18) shows 
very little choice between propellers. The data indicates that 
from, one to tv/o percent higher efficiency i-as realiiied for the MCA 
l6 propel ler at values of v/nD below 1.6. Above this value of 
v/iiD the Clark Y propeller varied fron about the same to a little 
more than 1 percent higher. Tlie crossover of the envelope could be 
accoun.ted fnr by the fact that at the higher values of v/nD the 
NACA l6 profile was operating outside the range of lift coefficients 
for Y/hich it v/as designed. This is eve n more apparent in figures 19 
anc^ 20, v.rhich shovr compr:.risons at constant pov/er. 

Low- speed comparisons of thrust in the range of take-off and 
climb are shoiAm in figure 21. 
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Thrust ratio comparisons at constant pow^r in the negative 
thrust range shoiv very little differonco bctwenn the tv/o sections. 

COIMCLIJDING REMARKS 

These tests, v/hich vrere made in a low speed tunnel, indicated 
little difference in the maxinum efficiency for the two propellers. 
Obviously, the delayed cojnpressibility characteristics of the IJACA 
l6-series sections would not be expectv^d to be made evident by these 
tests, although they seen to check tlie results reported in reference 2. 

The propeller with the NACA It-series section indicated inferior 
take-off characteristics which, however, mi^'vht be overcome by the use 
of larger blade areas, operation at higher tip speeds, or the use of 
sections designed for higher values of Ct^ . The possible detri- 
mental effects of these alterations may be offset by the lower drag 
qualities of bhe section at high speeds. 

Langley Memorial Aeronautical Laboratory, 

National ' Advisory Committee for Aeronautics, 
Langley Field, Va., August 20, I9I-1.I . 
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Figure 3.- Photograph showing plan form of the propeller blades testea. 
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Figure S — Plan view showing dimensional derails of nacelle. 
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l^ataJ.'iarPoMer- Qoeifkient carms for prcpe//er 626 lA -./Rj C/orh Y blade seclioji fhrougi 



